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By Noxris F¥. Dow and Willlam A, Hiclkman
SUMMARY

Campressive tests were made of six different lengths of a ZK6OA
magnesivm—elloy flat panel having skin and longltudinal T-section
stiffeners extruded as one integral unit. The results indicated
that the extruded penel had structural characteristics which were
scmewhere between those for 24S-T and those for T75S-T alumimm—alloy
Y-stiffened panels but, because of the integral nature of the extruded
construction, required far fewer rivets to assemblse than either the
24ST or the T55-T panels with which camparisons were made. The
height of the stiffensrs was also samewhat less for the extruded pansl.

INTRODUCTTON

The conventlonal method of riveting stliffeners to the skin on
wing campression panels is costly, tends to roughen the outside
surface of the skin, and tends to introduce an element of uncertainty
regarding the panel strength, especielly on short panels for which the
pansl strength is dependent on the diameter and the pitch of the rivets.
(See reference 1.) An integral comstruction for skin and stiffeners,
Which can be obteined by the extrusion of the entire panel, offers
possibllities of avolding some of these obJectlons to riveting.

Charts for the calculation of the critical campiressive stress for
such extruded penels were presented 1n reference 2. Extruslions of
ZK60A magnesium alloy having proportions based on these charts have
been made by the Dow Chemicel Campany. The present paper 1is concermned
wlth the results of campressive tests on these extrusions.

SYMBOILS
L length of panel, inches
o} radius of gyration, inches

Ocy compressive yleld stress, ksi
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stress for local buckling, ksi

unit shortening at failing load

canpressive loed per Inch of penel width, kips per inch
coefflolent of end fixity as used in Euler column formmumle

nondimensional coefficient that takes into acocount reduction
in modulus of elasticity for stresses beyond elastic
range; within elastic range, 7 =1

average stress at falling loa.d.,_ ksi

"equivalent" average stress at falling load, equal to
falling load divided by cross—sectional area of a 24S-T
alumimm-—alloy panel of same welght per unit length as
panel in question, ksi

distance fram outside surface of sheet to axis of center of
gravity of panel, inches

Young's modulus, ksi
moment of lnexrtia per inch of panel width, cublc inches
cross—sectional area per inch of panel width, inches

"equivalent" stress for local buckling equel to load for
local dbuckling divided by cross—gectionzl area of a 24S-T
aluminum—elloy panel of same welght per unit length as
panel In question, ksi

"equivalent" area per inch of panel width, equal to cross—
sectlonal area per inch of width of a 2LIS-T aluminum-alloy
panel of same weight per unit length as panel in question,
inches

over—all height of stiffeners, measured from inside surface of
sheet, inches

average spacing of rivet lines, inches

stiffener spacing of ZKACA magnesivm—-alloy panel, inches

-thickness of skin, inches

width of web of stiffener, inches

thickness of web of stiffener, inches
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bp over—ell width of outstanding flange of stiffener, inches

tp thickness of outstanding flange of stiffener, inches

TEST SPECIMENS AND METHOD OF TESTIIKG:

The test panels were constructed by riveting together three widths
of extrusion and milling off the outstanding parts of the skin to
obtaln the cross sectlon shown in figure 1. Seven test specimens having
gix different lengths were used. The nominal values of the slendermess
ratio Lfp were 20, 35, 55, 80, 110, and 150; a duplicate of the
panel having L= 35 was also tested. Test specimens after failure are

shown as figure 2.

The material properties of the ZK60A magnesium alloy of which the
extrusions were made were determined by the mamifacturer from specimens
cut froam the variocus locations indicated in figure 3. These properties
are listed in table 1. A few specimens cut from the sems locetions and
tested 1n the Langley structures reseesxch laboratbory gave values of Ooy
which fell between the maximm and minimm values glven in table 1. A
gtress—strain curve for an entire extrusion with the outstanding parts
of the skin removed gave a value of ogy of 33.2 ksi.

The three sectlons of extrusion were riveted together with i%—inch
diameter ALTS-T flat—head rivets (ANL42AD-6) at -J%—inch pitch. ILarger

rivets were not used on account of the relatively small edge distance
(3/8 in.) in the space provided for overlapping the extruded sections.

The method of testlng was the same as that used in other panel
tests in the ILangley structures research lsboratory. The panels were
campressed flat-ended without side support in a hydraulic testing
machine which has an accuracy of one—half of 1l percent of the load.

The ends of the specimen were accurately ground flat and parallel in a
special grinder, and the method of alinement In the testing machine was
such &s to insure uniform bearing on the ends of the specimen. A value
of the end fixity coefficient of 3.75 has been indlcated for such
panel tests in this machine.

The stress for local buckling o, Wwas determined by the “strain-

reversal method” on the two shortest panels. (See referemce 3 for a
discussion of this and other methods of experimentally determining orcr.)

The unit shortening at failing load €y was detemmined as the average
of the strains indicated by four, %—imh gage length, resistance—type

wire strain gages mounted at the gquarter points along the _1ength of the
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second end fifth stiffeners near the axis of the center of gravity of the
cross section. (See fig. 4 which shows the panel with %‘ = 55 ready i,
for test in the testing mechine.)

RESULTS AND DISCUSSION

The test results are glven in table 2 and values of E'fm are
Iy i T2

in figure 5., No correction has
LNc
been made to the test results to teke account of the fact that thers
was one more stiffensr than bey on the test panel.

plotted ageinst the parameter

A critlcal stress for the panel was oalculated fram the charts
of reference 2 to be approximately 26.6 ksi. In this calculation the
secant modulus (as suggested 1n reference L) was used to determine
the effective modulus nE from the strese—strain curve. (The curve
for the entlre cross section with the outstanding parts of the skin
removed was used.) The caloulated value of 26.6 ksl is in good
agroeement with the experimentally determined values of o5, for the

two shortest panels. (See table 2.)
EVATUATION OF EXTRUDED PANEL

Because only one cross section of extruded panel was avallable
for test, no design charts similar to those of references 5 and 6 can
be prepared for this type of pansl at present. In order to make some
Btructural evaluation of the extruded panel, the "equivalent stresses"
carried by the various lengths of-extruded panel tested were therefore
compared with those for minimmewelght designs of 24ST and T5S-T
aluninm—ealloy Y—stiffened (riveted) panels. These minimm-weight :
designs were made to meet the loeding conditlons existing at failure
for each length of extruded panel, and the skin thickness of the
caonparative designs was selected to glve a shear stiffness epproximately
the seme as that for the extruded panel. These stresses are compared in

figure 6.

The equlvalent stress is defined es the load divided by the area
of a 245-T aluminm-elloy penel of the same welght per unit length as
the panel in question. Because the panels campared in figure 6 carry
the same loads and have such areas that- failure occurs at those loads,
the stresses carrled messure the cross—sectional areas and the
equivalent stressces meesure the panel welghts. Accordingly, the higher -
the equivalent stresa for a glven load, the lighter in weight is the
panel.
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Figure 6 shows that the equivalent stress carried by the extruded
panel is less than that for the 755-T panels at all lengths but is
greater than that for the 24S-T panels for all except the two greatest
lengths, The greatest percentage inorease in equivalent stress for the
extruded panel over the corresponding 24S-T pensl design ocours at the
effective length L/VG of 39.2 inches,

Although the welght of the panel required to carry the ccmpressive
load mey usuelly be consldered of primery Importance, other charace—
teristics may also be important for particular epplications. TFor
example, a small distance T between the axis of the center of gravity
of the panel and the skin surface becumes more importent as the wing
thickness is decreased. A high bending stiffness of the oross section
EI; for a given rib spacing becames more lmportent as the local alr

loads increase relative to the campression loads. A high buckling load
gy OF "crquieq_ becames more important as greater emphasis is

placed on smooth wing surfaces. A small height of stiffeners H beccmes
more importent as more spasce is required in the wing for cargo or fuel.
A wide average spacing of rivet lines S +to keep the mmber of rivets
to a minimm, on the other hand, is always important.

Figure T was prepared to compare the welght, and ths othex
characteristics Just described,of the extruded ZK60A magnesium—alloy
panel and the 245-T and T55-T alumimm—elloy Y—stiffened~panel designs
at the effective length indicated in Figure 6 to be most favorable to
the extruded penel. The comparisons show that, for the extruded panel,

(1) A‘ieq is 7.6 percent more than for the T55-T alumimme—elloy
Y-stiffened panel and 9.7 percent less then for the 24S-T panel

(2) n 1is 18.7 percent more than for the 755-T panel and 6.3 percent
less than for the 24S-T panel

(3) EI1 1is 6.9 percent more than for the T55-T panel and 35.6 percent
less than for the 24S-T panel

(&) ogp in a is 26.8 percent more than for the T55-T panel and
eq ~e
3.0 percent less than for the 24S—T panel

(5) E is 3.4 percent less than for the 755-T panel and
16.6 percent less than for the 24S-T panel

(6) S 1is 416 percent more than for the T55-T panel and
410 percent more than for the 24S-T pansl

The characteristic for which the extruded panel has the most
substantial advantage, as shown in figure T, 1s the smaller number
of rivets that are required on account of the wider average spacing of
the rivet lines S. The helght of the stiffensrs H 1s shown to be
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samewhat less for the extruded pansl. All the other characteristics
of the extruded panel considered are scmewhere between those for 24S-T
and. those for 755-T alumimm-alloy Y--stlffened panels.

CONCLUDING REMARKS

Compressive tests of six lengths of an extruded ZKA0A magnesium~
alloy panel indlocated that the particuler cross sectlon tested at best
had a structural efficlency samewhere between that for 24S-T and that
for T55-T alunimm—elloy Y-stiffened panels but, because of the integral
nature of the extruded construgtlion, required far fewer rivets to
assemble than either the 24S-T or the T75S-T panels with which comparisons
wore made. The helght of the stiffeners was also scmewhat less for the
extruded panel. ’

The ccmparisons made, however, were only for the ome oross section
tested. Whether other proportions of the extruded panel, as might be
required for e particular application in actual construction, would
show similer characteristics can hardly be predicted from such a limited
gseries of testis., Such a prediction could be mede 1f design charts
similar to those of references 5 and 6 were prepared for exitruded panels.
The charastexristlics of the one cross sectlon tested appear sufficlently
pramising to make the preparation of such charts desirable as soon as
a wide enough range of proportions of extruded panels beccmes avallable.

langley Memorlal Aeronautical Iaboratoxry
Netional Advisory Cammittee for Aeronautlcs

Lengley Fleld, Va.  gSeptember 25, 1947
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TARIX 1, VALUES OF THE CONPRESSIVE YIELD STREI3 FOR
THE SPECIMENS CUT FRON THE EXTRUDED SECTIONS

a,

Looation (t:}')
(oee rig, 3) Average
A 3.6 32.5 1.3
B 3.2 32.7 30,6
c 39.% 8.0 35.0
] 37.6 1.5 3.6
30,6 39,1 37.3

SJBCA

TABRLE 2.~ DIMENITON2 AND TESYT DATA FOR TEST SPFRECINENS
[Fominal afmensions are given in parenthenes)

Dimenaionn

(1n.) Tont data
P
% ey ﬂ}ﬁ
r bs s ol N br r (eat) | Gemt) | (ket) 'r
(3,08) {0.1100) (2.28) (0.1100) {0.91) (0.1600)

18.7T 3,08 0,0971 2.2% 0,1080 0.92 0.1623 29.1 26.5 0.7L2 0.00533
32.86 3.10 0962 2,24 .108% 91 1626 27,4 25.4 .380 00R9k
33.2% 3.10 .1012 2,25 .1098 .02 .1629 28.5 e - S .
53,48 3.08 1014 2,26 1115 .20 1639 26,3 - 232 004k0
76.00 3.09 0954 2,26 .1101 .91 J615 | 2.3 -— JAT .00392
10%.62 3,08 0981 2.26 L1066 .90 . 1618 18.% .080 .00232
142,55 3.10 L1033 2,%6 L1068 91 .1632 10,6 -—-- 035 -0016%

8TGT "ON NI VOVN
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Figure [—Cross section of test specimens.






NACA TN No. 1518

L LU IR

!
)
2

Figure 2.~ Tested specimens having L/P of 20, 35, 55, and 80.
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Figure 3— Locations from which stress-strain specimens

were cut from exfruded sections
(See ‘table /)
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Figure 5—Variation of stress with L_Z{:"L for extruded panels.
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Figure 6—Comparison of equivalent stresses carried by ZK60A

extruded panels and the corresponding minimum weight designs

of 24S-T and 75S5-T Y-stiffened panels.
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%r, 7 A’éq=4'40 kips/in.
£Z; =/300 in kips
4 =0/4/ in,

eq
%, 7 A’éq-5'58 kips/in.
EL; =/390 in. kips
4 =054 in

eq

%y, 7 .4,;974'5.75 kips/in

EZL;

4

A ,'eq

=2/60 in. kips
=0/68 in.

Figure 7.— Comparison of characteristics of the ZK6O0A extruded panel and Z24ST
and 75S5-T Y-stiffened panel designs for F;=575 kps per inch,

by~ 0064 inch, and =392 inches.



